An exploratory look at associated factors of poverty on educational attainment in Africa and in-depth multilevel modelling for Namibia. by Adegboye, Oyelola A. & Kotze, Danelle
  
 Adegboye, O. & Kotze, D. (2013). An exploratory look at associated factors of poverty on 
educational attainment in Africa and in-depth multilevel modelling for Namibia. Journal for 




University of the Western Cape Research Repository  dkotze@uwc.ac.za  
 
An  exploratory  look  at  associated  factors  of  poverty  on 
Educational attainment in  Africa  and in-depth  multi-level 
modelling for Namibia 
 
O. Adegboye and Danelle Kotze 
 
Abstract 
This study examines several indicator variables related to education and poverty in Africa 
from the Demographic and Health Surveys (DHS). Many have described income and 
education as one of the fundamental determinants of health and as one of the indicators 
for socio-economic status. Firstly, data from thirty-six African countries were explored, 
geographical heterogeneity of the countries were discussed. Secondly, we carried out in- 
depth multi-level analyses using generating estimating equations on data for 72,230 
respondents and from 5,436 households in the Namibia DHS (1992-2006). Results from 
statistical analyses indicate that age of household head, socio-economic status of 
household, parent’s level of education, family size and position of a child in the family 
play a significant role in the educational attainment of household members. We found 
that these household level characteristics are important predictors of educational 
attainment. Thus, government policy aimed at reducing household level poverty should 




Access to education particularly in the developing countries has been discouraging. The 
United Nations (UN) Universal Declaration of Human Rights Article 26 states that 
everyone has the right to education (United Nations, 1948). The Jomtien 1990 
declaration of the “World Conference on Education For All” stipulates that every person 
(child, youth and adult) shall be able to benefit from educational opportunities 
designed to meet his/her basic needs. Education has also been described as a tool for 
economic development and eradication of poverty. Schooling improves productivity, 
health and reduces negative features of life such as child labour as well as bringing 
empowerment (EFA Global Monitoring Report, 2002). Education paves the way to 
empower people to obtain access to jobs and higher wages. This in turn allows 
individuals to acquire resources (economic power) to access basic health facilities and, 
thus, improve the health of the population. It was reported that a country with a higher 
percentage of its youth in schools considerably reduces its risk of conflict (Collier, 2007). 
Many have described the link between income and education as one of the fundamental 




A  study  based  on  cross  sectional  data  from  nine  countries  showed  that  an  earnings 
inequality increases with educational inequality (Chiswick, 1971). In developing countries, 
the male child is favoured to go to school rather than the girls. The number of siblings 
may affect the continuation of school for some other family member as this poses an 
alternative cost. Bledsoe et al. (1999) found an association between schooling and fertility 
in less developed countries. The mother’s educational attainment plays an important role 
in the household and has a significant effect on her bargaining power and thus her drive 
for education. 
 
The United Nations Educational Scientific and Cultural Organization (UNESCO) reported 
that Sub-Sahara Africa had an increase in its average enrolment from 54 per cent to 70 
per cent between 1999 and 2006. In Namibia, although the “primary education net 
enrolment keeps improving at levels of 92,3% in 2007 to 98,3% in 2009, there is a 
worrying trend of not retaining the number of enrolled primary school learners in 
secondary education” (Ombudsman, 2010, p.2). The primary school completion rate in 
Namibia was about 80% in 2006 while the net enrolment rate in grades 1 to 7 had reached 
92,3% in 2007 (van der Berg and Moses, 2011 ). The Africa Recovery July 2000 report 
indicated that Tanzania has been more successful than many developing countries in 
achieving gender equality  in education, with  girls making up to  49,6 per cent  of all 
enrolled primary school students in 1997. Further, the report noted that early marriage 
tends to cut short a girl’s education at the upper primary and secondary levels in 
Tanzania. Other details from this report showed that 76% of children in Nigeria had 
access to primary school education; the southwest region recorded the highest percentage 
while the southeast recorded the lowest percentage. Accessibility to basic schooling and 
region dummy could explain the 99% variation in income inequality in Nigeria and 
suggested that income redistribution in favour of the northern region will reduce income 
inequality in Nigeria (Alabi, 2008). The war in southern Sudan was associated with 
educational inequality in that country according to Deng (2003). Aluede (2006) discussed 
the variations in educational development in Nigeria; he noted that this disparity could be 
traced to historical educational development in Nigeria. Alabi and Abu (2008), in Alabi 
(2008) particularly attributed the persistent crisis in the Niger-Delta to low educational 
attainment of the people in that region. In 2004 Namibia was  the country with the 
greatest income inequality in the world with a Gini coefficient of 0,7 (Ombudsman, 2010; 
Levine and Roberts, 2008). The central bureau of statistics of Namibia in 1996 reported 
that about 38% of the people were poor and 9% were severely poor (Levine and Roberts, 
2008). 
 
For the past five decades there has been a clamour for an increase in educational 
enrolment and attainment in developing countries. The first two goals of the UN 
Millennium Development Goals target the increase in school enrolment to be observed 
by 2015, an eradication of extreme poverty and hunger by the same date, and that all 
children must have access to and be able to complete primary school by this time. 
 
The current study is structured as follows: Firstly we descriptively examine the 
performance of African countries in achieving these goals in space and time and to gain a 





influence educational enrolment and, thus, educational attainment using empirical 
evidence to explain the relationships. It is important to understand how poverty affects 
the educational attainment and enrolment and to explore the socio- economic realities of 
poor households. It becomes necessary to gain an idea of education distributions, wealth 
distributions and their inequalities. Moreover, it is of interest to document trends in 
educational attainment and poverty using data from Demographic Health Surveys. 
During this investigation, other household characteristics: parent education, socio-
economic status, family size, living conditions and location will be explored. Secondly the 
exploratory analyses of the wider group of African countries’ educational attainment will 
be followed by a representative in-depth analysis of associated factors of poverty on 
educational attainment in Namibia using data from Namibia Demographic and Health 
Surveys (1992-2006).  
 
Data and variables  
 
Data  
Demographic and Health Surveys (DHS) have been conducted in more than 85 countries 
worldwide since 1984, including in Africa. The DHS are based on national representative 
data and provide information on the population and health situation. The data are 
available for download on the website of ICF Macro International 
(www.measuredhs.com). The main interest is specifically to collect information at 
household and individual levels, and the information collected includes fertility, family 
planning, maternal and child health, educational characteristics, wealth index, ownership 
of basic facilities and location.  
 
We restrict ourselves to data drawn from Phase II (1988-1993) to Phase V (2003- 2008), 
due to the fact that Phase I surveys are outdated and sometimes do not match with the 
current questionnaire used in other phases of the survey. Data are not available for all 
African countries; therefore, we only use data on countries where available and for 
different phases.  
 
Similar variables were extracted from all surveys at household and individual level. 
Individuals in the same household shared the same characteristics such as age of parents, 
parent’s education, number of rooms, wealth index, household head etc. Our dataset was 
aggregated at three levels: household, national and continent, and using common survey 
indicators across countries and DHS phases.  
 
A total of 1,716,945 observations from 401,493 households and from a total of 36 African 
countries were collected from 1988 (DHS II) to 2008 (DHS V). Table 1 and Appendix 1 
and 2 summarize the data characteristics. We considered only respondents between the 
ages of 5 years to 30 years, because in most African countries this is referred to as the 
school age (especially primary to tertiary). This data provide information on individual 










Several definitions of educational attainment have been discussed in literature (Thomas 
et al., 2001: Gardner, 1998: Psacharopoulos and Arriagada, 1986: Barro and Lee, 2010). 
These centred on using different indicators, like years of schooling completed, level of 
education completed, ability to read (literacy) and so on. 
 
Several problems are associated with obtaining the educational attainment indicator. In 
addition to problems associated with the definition of educational attainment, most 
African countries have different systems of education, as summarized in Appendix 3. The 
age of entrance to primary school varies across different countries, usually 6-7 years but 
can be as low as 4 years in Morocco. Moreover, the length of primary education also 
ranges from 6 years in many countries to 9 years in Mali, Morocco and Egypt. In Namibia, 
84% of children ages 6-12 attend primary school (83% of boys and 85% of girls) 
(Education Policy and Data Center, 2012). 
 
The years of compulsory schooling differ in a number of the countries under study; it 
ranges from as low as 4 years in Senegal to 10 years in Comoros and Ethiopia. Egypt, Mali 
and Morocco have the lowest number of years of secondary education (3 years) with some 
countries having up to 7 years of secondary education (such as Benin, Burkina Faso, 
Cameroon, Central Africa, Chad, Comoros, Congo Brazzaville, Niger, Namibia, Senegal 
and Togo). In order to minimize problems associated with indicators not reported for 
some countries and the differences in education systems across African countries, we 
considered only the levels of education completed as an indicator for educational 
attainment. That is, the highest level of education completed by an individual is referred 
to as his/her educational attainment indicator variable and was divided into no education, 
primary, secondary education and above secondary education. These may be further sub- 
divided  as  need  arises  for  appropriate  statistical  analysis,  such  as  proportion  of  the 






The Education Gini was used as a measure of inequality in educational attainment while 
the  standard  deviation  of  schooling  measures  absolute  dispersion.  The  methods  of 









EL is the education Gini based on educational attainment distribution, large 
populations 
 
µ is the average educational attainment for the concerned population 
 
Pi   and  Pj   are  the  proportions  of  the  population  with  certain  levels  of  
educational attainment 
yi and yj are the different educational attainment levels and n is the number of 
levels/categories in attainment data. 
The Gini value can be interpreted as follows: a Gini value of zero implies a perfect equality 
while a Gini value of one implies a perfect inequality. The severity of the inequality 
depends on how close the Gini coefficient is to 1. 
 
Poverty indicators 
Providing a single, generally accepted definition of poverty and its measurement is a very 
difficult task. Peter Townsend (1979) defined poverty as "the absence or inadequacy of 
those diets, amenities, standards, services and activities which are common or customary 
in society". Many authors have proposed ways of estimating poverty: Gibson (2000) 
suggested monetary or non-monetary measures when using poverty-focused household 
surveys, Ravallion (1994) suggested the “well-being” for poverty and further argued for 
welfarist and the non-welfarist approaches. 
 
Measuring poverty indicators over time from household surveys have setbacks as data 
may not be collected from the same household over time presenting a repeated cross- 
sectional survey. In order to make comparison analyses across countries, any poverty 
indicator must be available in all surveys. DHS does not provide information on 
household income or expenditures; however, a poverty profile can be constructed using 
information on household assets. 
 
DHSs provide wealth quintiles as a measure of economic status based on all household 
assets and utility services, including country-specific items and sometimes ownership of 
agricultural land and domestic servants while excluding family size and age structure. 
The  wealth  quintiles  were  calculated  using  principal  component  analysis  (PCA);  this 
procedure first standardizes the indicator variables (calculating z-scores), then, the factor 




indicator values are multiplied by the loadings and summed to produce the household’s 
index value. In this process, only the first of the factors produced is used to represent the 
wealth index. The resulting sum is itself a standardized score with a mean of zero and a 
standard deviation of one (Rutstein and Kiersten, 2004). The idea of PCA is to find an 
orthogonal transformation of the original variables (vector of assets correspondent to 
every household) to a new set of uncorrelated variables called principal components, 
which are ranked in decreasing order of importance (Chatfield and Collins, 1980). 
 
For this study, the DHS wealth quintile was used. These poverty indicators (the wealth 
quintiles or wealth index score) were estimated relatively, that is, the proportion of the 
current status (for example, poorest 20 per cent of the population in each year). The 
advantage of using DHS wealth quintiles is that it allows a potential comparison across 
countries and over time, and can be linked to other indicators like education and health. 
In addition to the wealth index, family size and household structure (family structure) 
were included in the poverty indicator. Other explanatory variables considered are as 
follows: number of wives, age, sampling weight, gender, country, household 
characteristics, gender of household head, own  child, type of residence, literacy gap, 
parent educational attainment, sanitation and access to clean water. 
 
Descriptive analyses 
Various data exploration techniques were applied: summary statistics were obtained in 
order to gain insight into the data. Plots for various covariates were used to investigate 
any trend or pattern in the indicator variables (See Appendix 2 for the list of variables). 
Significant association exists between poverty and health outcomes; wealthy people have 
limitless access to good health facilities and good education and will most likely be better 
educated and live longer. An investigation of the education distribution can explain 
aspects about the poverty level in a household, region and country at large. Furthermore, 
the wealth distribution and education distribution may also play an important role in 
health distribution. 
 
Education has been described as one of the indicators for national socio-economic 
development and that the proportion of literate population is a good indicator of 
development (Gardner, 1998). As it is shown in Appendix 4, the proportion of literate 
population in Africa has risen over time (survey phase), while population with no 
education has decreased. Educational indicators will be used to make clear the 
distribution and inequality of educational attainment across countries. 
 
The plots of educational attainment in Appendix 5 showed that in DHS II (1988- 1993), 
Burkina Faso, Morocco, Niger and Senegal  had more people with no education than 
primary education. Over the years, many countries have seen an increase in primary 
enrolment and have seen a rise in the proportion of the population with at least primary 
education, but countries like Cote D’Ivoire, Liberia, Mali and Niger, however, still have 
more people with no education. Although, Namibia has seen an increase in the enrolment 
rates over the years, the proportion of the population with no education was not as low 









The Education Gini coefficient was calculated for each country to allow for country wide 
comparison and to assess countries with greater or lower educational inequality and to 
check the dynamics over time. Figure 1 gives a graphical display of the Gini coefficients 
across the 36 countries under study over different survey periods (DHS II to DHS V); this 
allows for comparison and assessment of education inequality among the countries (see 
Appendix 6). Most of the countries under study have been experiencing a steady decrease 
in educational inequality; some still record a high level of inequality. For example, 
Burkina Faso, Chad, Ethiopia, Guinea, Mali, Niger and Senegal have an Education Gini of 
at least 0,60 (Figure 1). The educational inequality in Namibia is one of the lowest in 
Africa with Gini coefficient of 0,26 in DHS II (1992), 0,33 in DHS IV (2000) and 0,29 in 
DHS V (2006) (Authors’ calculation, Figure 1 and Appendix 6). This can be attributed to 
the changes in enrolment between 1992 and 2006. Looking at the Lorenz curve (not 
shown) Namibia, South Africa, Zimbabwe and Lesotho have the smallest area in DHS II, 
III, IV and V respectively. Niger has the highest inequality in DHS II, DHS III and DHS V 
with a Gini value of 0,83, 0,76 and 0,70 respectively, although the Gini value is 
decreasing. 
 
Parent perception of education plays an important role in children’s education; there 
exists a strong correlation between household head with no education and children with 
no education (Figure 2). Most countries clustered in the third quadrant of the graph are 
countries with less than 50% of the population with no education. In the extreme case, 
this is displayed in the first quadrant, indicating countries with over 50% population 








Information about the distribution of the wealth index quintile by country over time is 
displayed in Appendix 7. The proportion of the poorest 40% of the population increased 
from less than 30% in DHS II in Burkina Faso to about 40% in DHS V. This is lower than 
the proportion of the richest 20%. The proportion of the poorest 40% generally has a 
share of above 25% of the population for the countries under study at all survey periods 
except Cote D’Ivore in DHS III, Mozambique and Nigeria in DHS V (Appendix 7). With 
high income inequality, the proportion of households in the poorest 40% in Namibia was 
about 42% in 1992 (DHS II) but dropped to about 33% in 2000 (DHS IV) and increased 
in 2006 (DHS V) to about 38% (Authors’ calculation: Appendix 6) 
 
Gender differences in educational attainment (literacy gap) can be measured by the ratio 
of the proportion of male population with at least primary education to that of their 
female counterpart. Appendix 8 illustrates the result from these estimates; in DHSII, 
Niger recorded the highest difference in male to female ratio of educational attainment of 
about 25%. 
 
The proportion of males with at least primary education was about 35% more  than 
females in Nigeria for DHS V. For most of the countries the percentage of males are more 
than that of females except Namibia (DHS II), South Africa (DHS III), Lesotho, Namibia 
and Rwanda (DHS IV) and Congo Brazzaville, Lesotho, Namibia and Rwanda (DHS V). 
These countries have seen significant changes in gender equality in educational 
attainment over time. Although there are fluctuations, it is safe to say that most of the 
countries under study are bridging the gap in the gender differences in educational 
attainment. These fluctuations may be attributed to changes in educational policies and 






Relationship  between  gender  differences  in  the  literacy  gap  and  the  educational 
attainment of a country cannot be overemphasized. There is a positive relationship 
between literacy gap and population with no education. Countries with higher literacy gap 
(above 20%), like Niger, Burkina Faso, Mali and Benin, with the exception of Nigeria, 
have about 65% or higher percentage with no education. Similarly, these countries also 
have a lower proportion of the population with at least primary education. Namibia is one 
of the few countries in Africa that has achieved gender parity in education with fairly 
more females with at least primary education than males: 4% in 1992, 2,2 % in 2000 and 
2% in 2006. 
 
The lack of access to and availability of clean, safe drinking water and clean sanitation is 
another major cause of poverty in Africa. It is difficult to go to school when time is spent 
on a daily basis finding and transporting water. Many countries still cannot provide these 
basic amenities to their people. Moreover, several diseases are attributed to unhygienic 
living conditions and dirty water which, in turn, lead to poor health and poor 
productivity; poverty is inevitable in this situation. However, the percentage of population 
without access to clean and safe water are decreasing over time in many of the countries 
under study. A country like Nigeria has experienced a drastic reduction in the percentage 
of population without access to clean and safe water from above 95% in DHS II to below 
20% in DHS V. Egypt has maintained a low percentage over time and has lowest 
percentage of people without access to clean water (below 10%) in DHS V, while Kenya, 
Liberia, Madagascar, Mali, Sierra Leon, Niger and Uganda still have around 70% of the 
population without access to clean water (Source: Authors’ calculation). In 1992 about 
50% of households in Namibia did not have access to clean and safe water, this reduced to 
less than 30% in 2006. The average number of household size also reduced from about 10 
in 1992 to 7 household members in 2006. 
 
A case study of Namibia DHS II, DHS IV and DHS V.  
 
Methodology. 
Marginal models are often a better choice when dealing with dependencies in the dataset, 
without the need for complex and unattainable assumptions, as found in some other 
methods and can be used to answer research questions directly at the intended marginal 
level. In this study, individuals are nested within households; data were collected for 
every eligible member of our study at household level. Ignoring the structure of the data 
may result in parameter estimates to be asymptotically biased. In recognizing the 
structure of the survey data we use multi- level modelling of the individuals nested within 
households. Multi-level analysis allows for information to be pulled together from 
multiple levels and enable interrelationships between the different levels to be explored 
and facilitated for overall interpretation. Household members shared some information 
collected at household level, thus we would expect dependencies or correlation among 
these responses (i.e. within subject dependency). These dependencies  or  correlations 
must be accounted for by methods appropriate to the data (Diggle et al., 1994). Statistical 
methods that take the dependencies in the data into account should be used. Several 
models have been proposed for the analysis of such data. Most of these are extensions of 






logit or probit link functions (McCullagh & Nelder, 1989). They are usually classified into 
marginal or random-effects models. 
 
A simple model for discrete data may assume a Poisson log-linear relationship between 
rates and other explanatory variables. Different approaches are available for 
implementing a multi-level analysis for cluster models or correlated data, that is, methods 
that simultaneously model all the outcomes elicited from an individual. Let Yij denote a 
binary outcome corresponding to the jth household (j = 1 to ni) of the ith individual. 
Let also Xij be a design matrix consisting of covariate (1 × p) vectors, with the first 
element being 1 for the intercept. The marginal model, also called the population-
averaged model (Zeger et al., 1988), estimates the model, thus: 
 
logit (E (Yij| Xij)) = logit (P (Yij= 1 | Xij)) = Xij'β and under the marginal model the 
Odds Ratio = exp (β). 
 
The marginal model supposes that the relationship between the outcome Y and the 
covariate X is the same for all subjects. Moreover,  dependencies  between 
observations within the same household are handled by fitting the  vector  of 
parameters, β, using the Generalized Estimating Equations (GEE) (Liang & Zeger, 1986), 
wherein the covariance matrix is structured by using a working correlation matrix R(α), 
fully specified by the vector of parameters α. This working correlation matrix is assumed 
to be the same for all the subjects, reflecting an average dependence among the 
observations for all subjects. In the marginal model, several specific choices of the 
structure of the working correlation matrix R(α) are possible (see Liang & Zeger, 1986). 
An advantage of the marginal model, as demonstrated (1986), is that β and their robust 
variance are consistent (the estimator converges towards the parameter being estimated 
as the sample size increases) even when the correlation structure is misspecified. 
However, choosing the working correlation structure closest to the true structure 
increases the statistical efficiency of the parameter estimator. Consequently, it is 
recommended to specify the working correlation as accurately as possible, based on the 
knowledge of the process (Albert, 1999). 
 
Results 
This section discusses statistical analysis of a preselected dataset, by looking at the effect 
of some indicators on educational attainment. In Section 2.2, we have explored some 
indicator variables and identified countries with little or no improvement in these 
variables. In order to provide an in depth analysis of these variables and assess their 
significant influence, the statistical analysis using Generalized Estimating Equations 
(Liang & Zeger, 1986) will be carried out on a sample of the data; that is, we would require 
a country with at least three survey data sets as an example, hence, the choice of Namibia. 
Namibia has data available for DHS II (1992), DHS IV (2000) and DHS V (2006). There 
is a total of 20,173 observations in DHS II, 22,332 in DHS IV and 29,725 in DHS V from 
1410, 1687, and 2339 households respectively. We would be looking at the  effect  of 




characteristics and individual characteristics. 
 
Table 2 presents the results from the analyses of DHS data from Namibia in 1992 (DHS 
II), 2000 (DHS IV) and 2006 (DHS V) respectively. Synonymous with the saying “two 
heads are better than one”, children in the household with a single parent have a lower 
probability of attaining at least primary education compared with children in the 
household with both parents. Children in a household with both parents have a higher 
chance of having at least primary education, and these probabilities increase over time. 
The implication is that the contribution of having both parents on educational attainment 
in Namibia cannot be overemphasized. The odds increase from about 1 in 1992 to 21 in 
2006. 
 
The position of a child in the family plays a very important role in who goes to school first 
and who does the domestic work. The results here showed that the lower “ranking” a child 
has in a family, the less chance he/she has to attain at least primary education. That 
implied the first child has more priority than others. Also, these significant results 
indicate an increase in its importance over time. 
 
Interestingly, the gender of the household head does not play a significant role in 
educational attainment in Namibia. The age of household head and number of household 
members were both positive and significantly associated with educational attainment. 
These results must be carefully interpreted, as the definition of household plays a very 
important role here. 
 
The number of wives in the household, which is correlated with number of household 
members, has a significant influence on educational attainment of the children. The 
influence of number of wives was not significant in 1992 and 2000, but was negatively 
significant in 2006. Therefore, the more the number of wives in a household increases, 
the less are the chances of their children attaining at least primary education. 
 
Gender has been a very important variable, especially in Africa. Interestingly, this may be 
a prejudice in the case of Namibia; in 1992 the effect gender was significant and the 
chance of a male child was about 1,2 times that of female child of attaining at least 
primary education. By 2006, the chances of a male child have dropped and gender is no 
longer a significant variable. Looking at the type of residence, the likelihood of people 




Against the descriptive background of educational attainment in African countries, an in- 
depth analysis if Namibia revealed its status with respect to poverty factors. Results from 
the analysis of correlated DHS survey data from Namibia indicated that the following 
indicator variables had a significant effect on educational attainment: rank of the child, 
age of household head, number of household members, father alive, gender, parent’s 
education and wealth index. The wealth index quintile also has a positively significant 
influence on educational attainment. As one would expect, the richer the household is, the 






In conclusion, the case study of Namibia from 1992-2006 indicated that socio-economic 
indicators play a significant role in educational attainment. Families with higher socio- 
economic resources tend to send their children to school more often than poorer families, 
and the parent’s level of education may also play an important role in their perception of 
the value for schooling. In developing countries, parents are bestowed with the sole 
responsibility of sending their children to  school; therefore they weigh the immediate 
cost carefully (Jannie & Jeroen, 2009). Families with both parents gainfully employed 
may have higher bargaining power than a family with one parent providing for the entire 
family. Further, family size plays a very important role and impacts on the wealth 
distribution in the household. The position of a child in the family may affect the 
continuation of schooling for other members of the family. 
 
Finally, the idea of this study was to provide an empirical analysis of geographical 
heterogeneity of African countries in educational attainment and poverty with special 
reference to Namibia as case study. Further studies will include investigating statistical 
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